A prospective study among adults hospitalized for polymerase chain reaction-confirmed respiratory syncytial virus infections (n = 123) showed frequent occurrence of lower respiratorytract complications causing respiratory insufficiency (52.8%), requirement for assisted ventilation (16.3%), and intensive care unit admission/death (12.2%). High viral RNA concentration was detected at time of hospitalization, including in patients who presented later than 2 days of illness (day 1-2, 7.29 ± 1.47; day 3-4, 7.28 ± 1.41; day 5-8, 6.66 ± 1.87 log 10 copies/mL). RNA concentration was independently associated with risk of complications and respiratory insufficiency (adjusted odds ratio 1.40 per log 10 copies/mL increase, 95% confidence interval, 1.03-1.90; P = .034). Our data indicate the need and provide a basis for clinical research on antiviral therapy in this population.
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Respiratory syncytial virus (RSV) is increasingly recognized as an important cause of severe respiratory-tract infections in older adults, resulting in excessive hospitalizations and deaths annually [1] . However, there is no established antiviral treatment at present, and vaccine remains unavailable. The slow progress is further limited by the lack of understanding of the clinical manifestations, severity, virologic changes, and related pathophysiology in adult diseases [2] [3] [4] [5] . This study was conducted to investigate the lower-respiratory manifestations, progression to respiratory failure, and viral load in hospitalized adults with polymerase chain reaction (PCR)-confirmed RSV infections. Such information may provide a basis for RSV therapeutics research in this high-risk population.
METHODS
A prospective, observational study was performed at 2 acute, general hospitals in Hong Kong during a 12-week seasonal RSV outbreak in 2013 (Supplementary 1). Adults aged >18 years who presented with symptoms of acute respiratory infection and were hospitalized because of potentially serious medical conditions, exacerbation of underlying chronic illnesses, or severe symptoms impossible to manage at home were eligible for study [2] . For consenting individuals, nasopharyngeal specimens collected at time of admission were tested for RSV using a quantitative, real-time reverse-transcription PCR (RT-PCR) assay, in addition to an antigen assay performed during routine care irrespective of its result (see below); their clinical course was followed and recorded. Because there was no specific intervention, all recruited patients were managed and discharged according to standard procedures as described [2] . Written, informed consent was obtained from each patient. Ethical approval for the study was obtained from the institutional review boards of the Hospital Authority of Hong Kong and the Chinese University of Hong Kong.
Detection of RSV and quantitation of viral RNA (to provide estimates of the "virus load") in the nasopharyngeal samples were performed using established methods [6, 7] . Briefly, viral RNA was extracted from the original specimens using PureLinkTM Viral RNA/DNA Mini kit (Life Technologies), followed by TaqMan-based, real-time RT-PCR assays using RSV-A and RSV-B subtype specific primers and probes, which targeted the highly conserved genomic regions of the virus N gene. Copy numbers were inferred from 10-fold serially diluted synthetic RNA standards spanning the amplified region. Using probit analysis, the lower detection limit (at 95% confidence level) for RSV-A and RSV-B RT-PCR assays was calculated to be 29.9 and 9.0 copies per reaction, respectively. Extraction and RT-PCR negative controls were run in parallel for every experiment. Exogenous RNA (TATAA Biocenter) was spiked during extraction to check for downstream amplification inhibition. Results were expressed in copies/mL (equivalents to plaque-forming unit/mL have been described) [4, 5, 7] . Virus genotyping was performed by direct amplicon sequencing of the G gene (Supplementary-2). As part of hospital care/protocol, immunofluorescence assays (IFAs) for a panel of respiratory viruses, including RSV, influenza A/B, and parainfluenza, were performed concomitantly using methods previously described; because IFA has lower sensitivity, eligible patients with negative results were not excluded from study (we recruited 115 IFA-positive and 56 IFA-negative cases for RT-PCR testing) [2, 8, 9] . Clinical data were collected using a standardized research tool, which included demographics, major comorbidities (defined in the Charlson Comorbidity Index, see Table 1 ), presenting symptoms, lower respiratory-tract complications (including acute bronchitis/ bronchiolitis, clinico-radiological pneumonia, exacerbation of chronic airway diseases, or their combinations), cardiovascular complications (including decompensated heart failure, acute coronary syndrome, arrhythmia, cerebrovascular events), requirements for assisted ventilation, supplemental oxygen, bronchodilator therapy, corticosteroid administration, hospitalization duration, and all-cause death [2, 3, 4, [8] [9] [10] .
Clinical manifestations, severity, and outcomes of PCRconfirmed RSV cases were reported. RSV RNA quantitation results were described, and examined for associations with clinical variables [4, 9] . Univariate associations with development of severe disease, defined as lower respiratory-tract complications causing respiratory insufficiency, evidenced by requirements for both bronchodilator (to relieve bronchoconstriction) and supplemental oxygen (to maintain oxygen saturation >95%) therapies, were examined [2, 3, 10] . Variables with P values <.2 were entered into a backward, stepwise, logistic regression model for analysis [9] . Adjusted odds ratio (AOR) and the 95% confidence interval (CI) of each explanatory variable were reported. Further, independent factors associated with survival within 30 days were analyzed using Cox proportional hazards models (backward, stepwise regression); adjusted hazard ratio (AHR) and 95% CI were reported [2, 8] . All probabilities were 2-tailed, and a P value of <.05 was considered to indicate statistical significance. Statistical analysis was performed using PASW Statistics software, version 18.0.
RESULTS
Altogether, 123 patients were confirmed to have RSV infection by RT-PCR. There were 9 RSV-A and 114 RSV-B viruses; phylogenetic analysis showed that the circulating RSV-A strain belonged to the novel ON1 genotype, which contained a 72-nucleotide duplication in the G gene, and the RSV-B strains belonged to the BA genotypes (Supplementary-2) . The mean ± standard deviation (SD) age of RSV patients was 78.0 ± 15.0 years; 80.5% had major comorbidities; mean ± SD time of [6.49-8.27 ] log 10 copies/mL), even on >2 days of illness (day 1-2, 7.29 ± 1.47; day 3-4, 7.28 ± 1.41; day 5-8, 6.66 ± 1.87 log 10 copies/mL) ( Figure 1) . A significantly higher viral RNA concentration was found in association with underlying major comorbidities (7.36 ± 1.40 vs 6.57 ± 1.83 log 10 copies/mL; P = .021) and development of severe disease (lower respiratory-tract complications causing respiratory insufficiency, 7.53 ± 1.36 vs 6.84 ± 1.60 log 10 copies/mL; P = .011); cases with fatal outcomes tended to have higher viral concentrations but it did not reach statistical significance (7.79 ± 1.34 vs 7.14 ± 1.53 log 10 copies/mL; P = .163). We did not observe significant difference between RSV subtypes (RSV-B vs RSV-A, 7.27 ± 1.47 vs 6.45 ± 1.92 log 10 copies/mL; P = .121), nor types of specimen collected (nasopharyngeal aspirates vs flocked swabs, 7.19 ± 1.57 vs 7.29 ± 1.28 log 10 copies/mL; P = .774). IFA-negative samples were shown to have lower viral RNA concentrations (3.92 ± 1.30 vs 7.44 ± 1.24 log 10 copies/mL; P < .001).
We found that high viral RNA concentration (AOR 1.40 per unit increase, 95% CI, 1.03-1.90; P = .034), underlying chronic lung diseases (AOR 11.73, 95% CI, 4.23-32.49; P < .001), and older age (AOR 1.03, 95% CI, 1.00-1.06; P = .048) were independent factors associated with development of severe disease (adjusted for gender, other major comorbidities, and time from illness onset). Requirement of assisted ventilation because of respiratory failure progression (AHR 7.90, 95% CI, 1.93-32.31; P = .004), bacterial superinfection (AHR 4.31, 95% CI, 1.12-16.52; P = .033), older age (AHR 1.10, 95% CI, 1.01-1.19; P = .030), and presence of major comorbidities were associated with lower survival (adjusted for viral RNA concentration and corticosteroid administration). There was an increased rate of bacterial superinfections among corticosteroid recipients during the hospital course (20.5% vs 10.1%; P = .112).
DISCUSSION
We found frequent occurrence of lower respiratory-tract complications and respiratory insufficiency, requirement for assisted ventilation, ICU admissions, and deaths among adults hospitalized for RSV infections. High viral load was detected at presentation, which significantly correlated with clinical severity. Our data support the study of antiviral treatment in this population.
The clinical manifestations and outcomes reported in this prospective cohort (n = 123) are highly consistent with our recent retrospective study on >600 hospitalized RSV patients [2] . We confirm that serious lower respiratory and cardiovascular complications are frequent among these older adults, and the mortality is high (9%-14%) [2, 3] . Bronchoconstriction and hypoxemia are the major manifestations, as a result of acute bronchitis/bronchiolitis, pneumonia, or their combinations, not unlike pediatric RSV diseases [1-3, 5, 10] . In this cohort, almost 79%, 59%, and 53% of patients had required supplemental oxygen, bronchodilators, and both therapies, respectively, because of respiratory insufficiency; and ventilatory support was necessary in 16%. Importantly, this study adds that high viral load is significantly associated with development of severe, complicated RSV disease (AOR 1.40 per log 10 copies/mL RNA increase, 95% CI, 1.03-1.90), which is independent of known Figure 1 . RSV RNA concentration at time of presentation, shown according to presence (gray box-plot) or absence (white box-plot) of underlying major comorbidities. Dotted line indicates the 25th percentile of viral RNA concentration in this cohort (6.49 log 10 copies/mL); day 1 (n = 44), day 2 (n = 36), day 3-4 (n = 27), day 5-8 (n = 16). "Major comorbidities," as defined in the Charlson Index (see Table 1 ). Specimen used for diagnosis: nasopharyngeal aspirate, n = 99; nasopharyngeal flocked swab, n = 24; RNA concentrations measured were not significantly different. Abbreviations: cp, copies; RSV, respiratory syncytial virus. risk factors such as chronic lung diseases and advanced age. Progression of respiratory failure predicts a high risk of death [1, 3] . Our findings are supported by recent studies showing correlations between RSV concentration and symptom scores in healthy adult volunteers [4] , and a trend toward higher viral concentration in hospitalized RSV patients when compared with the nonhospitalized [11] . In one report, RSV concentration in 8 patients who required mechanical ventilation was higher than 23 nonventilated cases [12] . Emerging data from young children similarly suggest high viral load as a driving force in severe manifestations/outcomes, thus a potential role of antiviral treatment [5] . Additionally, we found high viral RNA concentration in most hospitalized patients (25th, 75th, 95th percentile: 6.5, 8.3, 9.3 log 10 copies/mL, respectively), including those who presented later than 2 days of illness, and particularly if they had underlying compromising conditions. Recent data suggest that viral shedding duration in adult RSV infection may last for at least 7 days (detected by culture and PCR) [4, 11] , which could be longer than seasonal influenza [9, 13] . Taken together with the seriousness of disease, the high viral load, and its significance, our results strongly indicate the need and provide basis for clinical research on potential antiviral therapies in the hospitalized adults (eg, fusion inhibitors, polymerase inhibitors, small interfering RNA, antibody-based interventions) [1, 4, 5, 12, 14, 15] . As viral replication may continue for several days, a therapeutic time window of more than 48 hours seems possible and warrant study [8, 9, 13, 15] .
Our study's strengths include a prospective design, larger sample size, examination of viral concentration by real-time RT-PCR (for RSV-A/B) and its relationships with key host/disease factors ( patient characteristics, time of illness, severity), and adjustment of confounders in multivariable analyses [5, 11, 12] . Quantitative culture, serial measurements, and lower respiratory-tract sampling have been planned to provide further information on virokinetics [4, 5, 7, 9, 11, 13, 14] . Further, data generated in this study can assist planning and design of future clinical trials on antivirals in the population of hospitalized adults (eg, patient characteristics and manifestations; clinical/virological study parameters; outcome measures).
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